The "trinity" of nucleic acid recognizing Toll-like receptors (TLRs) is the focus of intense research efforts. Among the plethora of pattern recognition receptors the ones that recognize RNA and DNA always seemed Janus-faced in their potential -dangerous, but also promising. Therefore manipulating TLR3, TLR7 and TLR9, which recognize dsRNA-, ssRNAand CpG-containing DNA, respectively, is a very attractive goal, because increasing evidence shows that both suppression or enhancement of the immune system might thereby be achieved. In this review we try to illustrate the current knowledge of the endosomal nucleic acid recognizing TLRs. We then want to extend our view beyond the pathogen recognizing capacity to their role in autoimmunity and cancer. Significant progress has been made in our understanding of the structure of TLRs, signaling pathways and ligand identity. The question of if and how we can translate this into new specific immunosuppressive drugs or anti-cancer adjuvants is discussed.
A brief outline of Toll-like receptors in innate and acquired immunity
About 25 years ago immunologists mainly focused on how antigen-specific immune responses were elicited. Model antigens, such as haptenated protein antigens, were used for experiments in order to reduce the complexity of the immune response. However, the immune response directed against pathogens in vivo is polyclonal and a complex mixture of innate and antigen specific effectors. Because immunologists embraced the revolutionary advances in molecular genetics they could quickly give answers to the question of how the adaptive immune system generates antibody or TCR diversity. 1 However, this knowledge seemed incomplete, because the adaptive immune response against these antigens (highly purified and applied without adjuvant) was very weak compared to the responses generated by infections. 2 While the importance of antigen-presenting cells (APCs) was already appreciated, it was not shown until later that both the quality of the antigen and the adjuvants used in an experimental immunization played a key role. For example, complete Freund's adjuvant (CFA), a mixture of mineral oil and dead mycobacteria, contains components that activate and direct the immune response by causing inflammation. Recently it was shown that Toll-like receptors (TLRs) recognize microbial products and cause an inflammatory cytokine response. This essential role of TLRs for the establishment of an adequate immune defense against numerous pathogens has been firmly established in recent years but had been postulated by the late Charles Janeway. He defined a long-standing dichotomy between adaptive and innate immunity, where flexible gene rearrangements define the specificity of antigen receptors of the adaptive immune system, in contrast to the germline encoded "fixed" pattern recognition receptors (PRRs) of the innate immune system. PRRs are able to recognize a molecular signature called a pathogen-associated molecular pattern (PAMP), which is expressed in the pathogen but not the host. In fact TLRs were the first family of receptors that fit perfectly with this view of the innate immune system. TLR are type I transmembrane proteins that are evolutionarily conserved between insects and vertebrates. In Drosophila, Toll was first identified as an essential molecule for dorsoventral patterning of the embryo and subsequently as a key molecule for the antifungal immune response in the adult animal. A homologous family of Toll receptors (termed TLRs) exists in vertebrates where 13 members (TLR1-13) are fundamental for the recognition of PAMPs. The family of TLRs recognizes various PAMPs of different pathogenic origin, such as bacteria, viruses, fungi or protozoan parasites (Table 1) .
Since the general aspects of TLR structure, signaling and function have been discussed in excellent reviews [3] [4] [5] [6] we will focus on two aspects of TLRs that present valuable targets for pharmacological intervention in human disease. The TLR biology of autoimmunity and cancer is most interesting because it marks the two (pathological) extremes of what TLRs can do. By understanding the function of TLRs in self-recognition of autoantigens associated with autoimmune disease, we could not only cure these diseases, but we could also resolve an equally burning question: why do TLRs fail in recognition of cancer cells, although endogenous TLR ligands might be presented? Indeed an effective anti-tumor TLR response can be seen as a form of "beneficial autoreactivity".
The seminal point of mammalian TLR research was the discovery by Beutler et al that TLR4 was the long-sought LPS receptor. 7 In a series of equally important findings it was shown over the last few years that this family of surface, eg, TLR4, and endosmomal, eg, TLR9, receptors are able to 
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wall-derived protein-carbohydrate complex called zymosan (see Table 1 ). The recognition of ligands is dominated by molecules originating in viruses and bacteria. Identification of a recognition capacity for fungi and protozoan parasites by TLRs is also interesting, because they reveal a Janus-faced function of TLRs in the defense against fungi. Cell wall components of fungi such as zymosan and phospholipomannan are recognized by TLR2 and TLR4. The outcome of the recognition can vary depending on the receptor triggered. Since a Th1 immune response is important for clearance of fungal infection, the Th1-promoting activity of TLR4 enhances an effective immune response against fungi. Accordingly, TLR4 -/-mice show increased susceptibility to disseminated Candida albicans infection. 8 In contrast, TLR2 induces fewer Th1-inducing inflammatory cytokines and promotes, under certain conditions, production of IL-10, which can support Th2 immune responses and also downregulate immune responses. Thus, TLR2
-/-mice are more resistant to fungal infection. Infected TLR2 -/-mice show normal production of proinflammatory cytokines, but IL-10 secretion is severely impaired suggesting that C. albicans induces immunosuppression via IL-10. 9 Aspergillus fumigatus, an opportunistic fungal pathogen, uses a similar mechanism for immune evasion. The non-infectious conidia are recognized by TLR2 and TLR4 whereas the more virulent hyphae are recognized only by TLR2, leading to immunosuppressive IL-10 production. However, for Cryptococcus neoformans, a pathogenic encapsulated yeast, both MyD88(-/-) and TLR2(-/-) animals showed decreased TNF-α, IL-12p40 and/or IFN-γ expression in various organs during infection. This again proves that the balance between suppressive and proinflammatory response decides pathogenic or protective outcome in fungal infections. 10, 11 This example shows that microbial recognition of complex pathogens results in the integration of different signals via antigen receptors, TLRs and other innate immune receptors.
It is interesting that a rather simple structure of leucinrich repeats (LRR) linked by a transmembrane region to a so-called Toll interleukin-1 receptor (TIR) domain can provide enough structural diversity to provide the binding capacity for the different TLR-ligands and complex signaling pathways. For two ligands the three-dimensional structure of ligand and extracellular TLR receptor binding domain has been solved: 12 TLR4 with LPS and TLR3 with RNA. It is, indeed, conserved structural patterns that are recognized in diverse microbial molecules in the TLR family. The hydrophobic ligand of TLR4 interacts with internal protein pockets. 13 In contrast, dsRNA, a hydrophilic ligand, interacts with the solvent-exposed surface of TLR3.
14 Binding induces dimerization of the ectodomains of the various TLRs, forming dimers that are strikingly similar in shape. In these "m"-shaped complexes, the C termini of the extracellular domains of the TLRs converge in the middle. This observation suggests that dimerization of the extracellular domains forces the intracellular TIR domains to dimerize, which initiates signaling by recruiting intracellular adaptor proteins.
Although the list in Table 1 contains various molecules, no specific molecules from large parasites, eg, parasitic helminthic worms, have been identified as ligands for TLRs. The question remains if one of the remaining orphan TLRs could bind an antigen-derived from said group of pathogens, or alternatively if the recognition of these parasites depends on DNA or RNA recognition. A similarly possible explanation is that the Th1 dominated cellular immune response is not the best way to protect against worm parasites.
TLR-like receptor deficiencies and TLR-mediated signaling in human infections
The type of TLR ligand reveals what pathogens posed the strongest selective pressure on the immune system (Table 1) and forced it to develop these specific germ line-encoded TLRs. However, a more direct conclusion on the essential function of the individual TLRs can be obtained by analysis of TLR deficient mice. The laboratory of Shizuo Akira has been very successful in delineating both MyD88-dependent and -independent signaling pathways and the function of TLRs in general by using knockout mice. 15 Recently basic mechanisms associated with IFN-a and proinflammatory signaling via TLRs were elucidated (see Figure 1) .
Comparison of the murine and human signaling system revealed a large amount of homology. This might allow the quick transfer of knowledge gained in the mouse system to new therapeutic approaches in humans. Indeed, the analysis of patients with severe recurring infections, mainly during infancy, led to the discovery of primary genetic deficiencies of TLRs and associated signaling molecules and exciting new understandings of their function. From the seminal work under the direction of Jean-Laurant Casanova we learnt that what he called "experiments of nature", causing a genetic deficiency of either TLRs or associated molecules, leads to a rather restricted disease pattern of affected patients. 16 For example, IRAK-4 deficient patients suffer from Grampositive pyogenic bacterial infections, leading to a death TLRs as therapeutic agents: autoimmunity and cancer Dovepress submit your manuscript | www.dovepress.com Dovepress rate of 50% until adolescence. Then, however, the impaired immune system seems to be able to handle infections surprisingly well. For anti-viral immunity, it was suggested that TLR7-, TLR8-and TLR9-dependent induction of type I IFN is largely redundant in humans. However, the single immunodeficiency of TLR3 leads to susceptibility to HSV-1 in the central nervous system but a redundant immunity to most other viral infections. This can be indirectly concluded from serological data, which show that IRAK-4-, UNC-93B-and TLR3-impaired patients do have positive antibody tests against various DNA and RNA viruses How much redundancy in humans and mice is involved in TLR-mediated antiviral defense is a particularly interesting question for immunologists, and likewise for virologists and clinicians. 17 Basic research has been very instrumental in obtaining the complementary knowledge in signaling of the TLRs. One current debate is the comparison of ssRNA-TLR7-and CpG DNA-TLR9-mediated signaling and cellular activation. Both can induce type I IFNs and different proinflammatory molecules, but a differential signaling capacity of TLR7 and TLR9 must be postulated. Recently it has been shown that a differential signaling capacity of TLR7 and TLR9 leads to differential thresholds in ligand mediate activation. This might lead to the selective usage of IRF7 by TLR7. 18, 19 However, further experiments are needed to solve finally the riddle of how selective signals are processed to activate cytokine-mediated immune activation in TLR7-or TLR9-associated disease states.
Modulation of TLR response as a model for drug development opportunities in autoimmunity and cancer
Only a handful of very rare cases of primary TLR-associated immundeficiencies have been described. However a surge of publications has addressed the question of how modulation of the TLRs or their downstream pathways is involved in autoimmune conditions, eg, inflammatory autoimmune disease like systemic lupus erythemadoes (SLE) or rheumatoid arthrits, which affect a substantial number of people.
We and others have been become interested in the role of nucleic acid-recognizing TLRs in particular TLR3, TLR7 and TLR9 in SLE-like autoimmune disease in order to lay the foundation for clinical trials in human disease. 20 SLE is the prime candidate for an autoimmune disease of unknown etiology that could be linked to TLR modulation. Since pathomechanisms are complex it is not surprising that only imperfect animal models exist, which demands further preclinical studies to establish the molecular mechanisms in the human condition. Here we discuss data on TLRdeficient mice crossed with autoimmune prone mice, eg, with an upregulating point mutation in the phospholipase C γ2 (Plcg2 Ali5 ) molecule. SLE is characterized both by uncontrolled inflammatory response and mediated breakdown of B cell tolerance, resulting in anti-DNA autoantibody production and immune complex glomerulonephritis. For this multigenetic human disease of unknown etiology no single perfect animal model exists. For example, human SLE is associated with conserved Fas expression and lymphopenia, 21 but the widely used murine model MRL-Fas lpr displays a deficiency in Fas and lymphoproliferative disease. 22 Furthermore, data on TLR9 association with human SLE are conflicting and an influence of MyD88 or IRAK-4, two important signaling molecules of different TLRs, on human autoimmunity has been appreciated only recently. 23 Different genetic murine models have been described that mimic one or more features of the disease. 24 Models that have been used include DNAse II-deficient mice, 25 Motheaten (SHP-1-deficient), MRL-Fas lpr , FcgRIIB-deficient 26 and Plcg2 Ali5 mice. 27 One can conclude that either a defect in apoptosis induction, clearance of potentially immunostimulatory cell debris or hyperactive BCR signaling may be an essential part of development of SLE-like autoimmunity. In order to examine the relation of these defects with the function of TLR9 in vivo, four different labs have used the approach of intercrossing TLR9-deficient mice with the latter three lupus models. 28 One final example for a murine lupus model is the experimental induction of lupus-like symptoms by the transfer of alloreactive T cells. In this system a complex influence by TLR9 is executed which results in worsening of some aspects of autoimmunity while alleviating others. 29 Although no current experimental data show that TLR9 has an influence on developmental processes, caution is necessary because the absence of TLR9 could indirectly affect lupus pathology in mouse systems. Therefore, careful comparison with non-TLR9-deficient models that use pharmacological inhibition of TLR9 signaling are mandatory for unbiased interpretation of TLR9 function in lupus. 30 Furthermore, studies have been performed which demonstrate a crosstalk between TLR7/8 and TLR9, which recognize ssRNA and DNA, respectively, in the lpr SLE-model. 31 We could corborrate these findings in multiple TLR-deficient autoimmune Plcg2
Ali5 mice (unpublished data, P Yu). In summary, TLR9 signals differentially influence breakdown of B cell tolerance, anti-DNA autoantibody 
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formation, antinuclear antibody (ANA)-specificity and, most importantly, the development of disease pathology. 26 The mechanism by which Tlr9 signaling protects from inflammation in lupus like disease models is not yet understood. Type I IFN production might have a key role in SLE, 32 because an IFN-α induced gene expression signature can be detected, and treatment with IFN-α can provoke SLElike symptoms in a small fraction of patients. 33 In order to approach experimentally the role of type I IFNs in SLE-like autoimmunity, different labs have tested the effect of IFN-α treatment or genetic type I IFN receptor deficiency in the NZB and the MRL-Fas lpr model. While NZB mice are protected, MRL-Fas lpr mice display more severe autoimmunity, implying a protective effect of type I IFNs. 34 One way to explain these contradicting results might be that MRL-Fas lpr mice are a better model for the autoimmune lymphoproliferative syndrome (ALPS) caused by Fas mutations in humans. 35, 36 The anti-proliferative effect of IFN-α could be the mechanism that leads to a positive influence on autoimmunity in this model. Indeed, treatment of MRL-Fas lpr mice with IFN-β prolonged survival and reduced severity of lupus-like disease. 37 Despite the anti-proliferative effect, a general anti-inflammatory function of both type I IFNs and TLR9 was observed in an experimental colitis model and exacerbation of SLE-like symptoms in the respective genetic deficient mice. 38, 39 In support of these mouse data is a newly developed in vitro model of human PBMC stimulation, in which pretreatment with either type I IFN or TLR9 ligands inhibited the secretion of proinflammatory cytokines. 40 The antagonism of pro-or anti-inflammatory action of the nucleic acid-recognizing TLRs in SLE-like murine disease also has a biochemical signaling aspect. It raises the question of how the endosomal ssRNA-and DNA-recognizing receptors,TLR7 and TLR9, respectively, execute their different functions at the signaling level, because known signaling molecules, eg, MyD88, Unc93b1 41 and IκB kinase-a 19 are used by both TLRs. Recently, however, it was shown that the Unc93b1 "transporter" might bias the TLR response to nucleic acid toward DNA but against RNA-sensing. 42 This very exciting finding might help to understand the balance between TLR7 and TLR9 transport to the endosome and its role in autoimmune disease. This very problem has been recently approached by the treatment of murine lupus prone models with different TLR7 and TLR9 inhibitors. The experiments did prove that there is a dominant ameliorating effect by inhibition of TLR7. 43 It has not yet been analyzed if engagement of human TLR9 would have a similar protective effect in human SLE. This is not only of academic interest but could give the ongoing clinical trials a new direction. In fact treatment with inhibitory ODNs specific for human TLR9 could aggravate SLE-symptoms, while engagement of TLR9 could ameliorate the disease in vivo. In addition the intracellular DNA sensors, ZBP-1/DAI and the inflammasome component ASC, 44, 45 which are different from TLR9, have been described recently and await further characterization with regard to SLE. Careful analysis will show if and how TLR9-specific drugs can be used in SLE therapy in the future. It is most interesting that the recent experimental focus has shifted from TLR9, 46 as the primary pharmaceutical target for SLE inhibition, to TLR7. 47 It was reported that lupus-prone mice deficient in TLR7 fail to generate antibodies to RNA-containing antigens such as Smith (Sm) Ag. Also, signs of clinical disease in lupus-prone TLR7-deficient mice were ameliorated and showed decreased lymphocyte activation, and decreased serum IgG. 48 These findings underscore an opposing inflammatory and regulatory role for TLR7 vs TLR9, despite similar signaling requirements in vivo. To add another layer of complexity it was shown that TLRs are not the only nucleic acid-recognizing receptors. We now know of two cytoplasmic RNA receptors, namely RIG-I and MDA-5. 49 Indirect evidence for a cytoplasmic DNA receptor has been accumulating over recent years; however definite proof for the function of DAI or the other DNA receptor AIM2 50, 51 in autoimmune activation by DNA has not been found. It will be a challenge to tease out the complex interactions between the different nucleic acid receptors and other genes associated with autoimmunity (eg, B cell activation genes). We can conclude that DNA and RNA do represent relevant autoantigens, but in addition CpG-containing DNA could be able to suppress SLE-like disease. The understanding of this differential function could lead to new therapeutics for human SLE.
In the ascending series of diseases, with an increasing number of affected patients, we have started with few patients with congenital defects in TLRs and then dealt with autoimmune patients with inflammatory autoimmune diseases (eg, SLE), which affects between 20 and 30 newly diagnosed patients per 100,000 persons. However, the largest group of patients that could potentially benefit from advances in TLR biology are cancer patients. The sheer number of cases and the limited options for therapy makes cancer a most important target for immunotherapy.
In particular, immune evasion mechanisms of cancer could be targets to boost defense against cancer. The complexity of the tumorigenic state 52 and the limited success TLRs as therapeutic agents: autoimmunity and cancer Dovepress submit your manuscript | www.dovepress.com Dovepress with adaptive anti-tumor therapy would call for aid from the innate immune system via TLR engagement. 53 Before we go into details on how TLR-mediated mechanisms could be used against a tumor, we have to discuss how TLRs could have a negative function in the stimulation of tumorigenesis. 54, 55 The historical observation was that experimental transfer of cancer cells is enhanced by LPS administration. This led to increased invasiveness and angiogenesis. This is supported in the Apc Min/+ model of carcinogenesis because when the mice are crossed with MyD88-deficient mice, the size of tumors and the incidence was decreased. It is not yet clear which specific TLRs are involved in the promotion of these sarcomas. Most recently it was shown that the extracellular matrix proteoglycan versican is produced by different carcinomas and acts as a TLR2 ligand which promotes metastatic progress in vivo. 56 It is therefore possible that both tumor/metastasis-promoting and -inhibiting mechanisms are triggered by TLRs.
On the other hand, a positive correlation with bacterial infection and tumor remission was reported more than 100 years ago. It was W Coley who established a treatment with bacterial components in order to treat cancer. After the discovery of TLRs as a first line of defense against infection and potent primers of adaptive immune responses, it became clear that TLRs are the mediators of BCG-induced anti-tumor treatment. 57 If one contemplates the question of how tumors induce a specific anti-tumor immune response at the innate immune level, it becomes obvious that if we look at a patient with an established tumor or metastasis, or a mouse that has developed an experimentally induced tumor, we examine the situation in which the immune response, either adaptive or innate, has failed to clear the tumor. This failure does not preclude the possibility that we can enhance a naturally weak or suboptimal innate immune response. Robert Schreiber has created the term immunoediting to suggest that a extended surveillance mechanism exists which determines the tumor qualities and the different stages of tumor immune system interactions. 58 Here we will discuss what molecules are candidates for the innate anti-tumor response. We will focus on the question of if, and how, nucleic acid-recognizing receptors are involved in therapeutic anti-tumor defense or endogenous tumor surveillance.
TLRs involved in the recognition of structures unique to bacteria or fungi are expressed on the cell surface (TLR1, TLR2, TLR4, TLR5 and 6), whereas TLRs that recognize nucleic acids (TLR3, TLR7, TLR8 and TLR9) reside within intracellular compartments. In non-activated immune cells TLR9 is expressed in the endoplasmic reticulum (ER). Upon cellular activation, TLR9 traffics to endosomal and lysosomal compartments where it interacts with endocytosed CpG-DNA at an acidic pH, a condition that is thought to be necessary for DNA recognition. 59 For TLRs located in the endosome, the nucleic acid has to enter these vesicles for activation. For certain viruses that enter the cell by receptor-mediated endocytosis (such as influenza virus) the encounter is mediated during enzymatic degradation of some virus particles in these vesicles. As nucleic acid is not unique to pathogens, the specificity of the nucleic acid-recognizing TLRs has been attributed to structural differences between eukaryotic and prokaryotic/viral nucleic acid. Accordingly, suppression of the CpG-DNA motif in eukaryotic DNA and frequent base modifications such as 5'methyl-cytosine for DNA and 6'methyl-adenosine or 5'methyl-cytosine for RNA have been shown to be responsible for impaired recognition of eukaryotic nucleic acid by TLRs. 45 In the context of tumor cell recognition it is interesting to note that tumors are believed to be hypomethylated. Therefore, a tumor in situ could have a substantially lower amount of CpG methylation, which could make it a more effective target for TLR9 recognition. This could then lead to IFN-α or TNF-α production, which could impair the tumor viability. In addition pDCs or macrophages that have taken up the tumor cells or the nucleic acid parts will be activated and express costimulatory molecules. Therefore, an efficient tumor antigen presentation, costimulatory help and anti-tumor cytokine response might be generated, which primes an adaptive anti-tumor immune response. However, structural differences among eukaryotic and prokaryotic DNA are presumably not the only mechanism to distinguish self from non-self DNA. Currently we are investigating whether an altered "tumor"-associated self-modification of DNA and RNA could have a place in immune activation. The situation is difficult because it is well known that apoptotic cells tend to be immune suppressive rather than activate the immune system. 60 Furthermore, only in the pathological condition (eg, SLE) can eukaryotic DNA and RNA stimulate B cells and pDCs in a TLR-dependent manner. Being a multicausal disease, it is clear that a B cell-specific defect involving tolerance induction must be affected to cause immune activation by nucleic acids. Under natural conditions nucleic acids should be inert and not be recognized by the immune response. Whether an external inhibition of this level of tolerance could lead to better recognition of tumorassociated differences in nucleic acid, leading to inhibition of the tumor in vivo, needs to be studied in future. 
Apart from the modif ication of nucleic acid, the compartmentalization of the receptors (eg, expression in the endosome) is important to avoid recognition of self-DNA. Thus, the intracellular localization of the nucleic acid-recognizing TLRs provides a "safety mechanism" for avoiding the recognition of self-DNA that would occur if these TLRs were expressed at the cell surface. 61 The question of whether this "safety mechanism" is overridden when tumor cells die and RNA and DNA are released, taken up by APCs and ultimately transported to the endosomal TLRs is important when we suggest a role for TLR3, TLR7/8 and TLR9 in tumor surveillance. It is clear that "danger signals" from tumor cells represent a difficult task for the immune system because transformation of a body cell might not produce a proper danger signal to break self-tolerance and activate an efficient T cell or antibody response against tumor antigens. 62 As can be seen in Table 1 , a restricted number of self-TLR ligands have been described and only for few molecules has a direct role in anti-tumor immunity been assigned (eg, HMGB1). For HMGB1 it was demonstrated that chemotherapy-induced cell-death causes the release of HMGB1, which binds to TLR4 and activates an anti-tumor T cell response. 63 For the nucleic acid-recognizing TLRs, two pathways for a anti-cancer mechanism have been discussed. First the described immune-activating effect of, eg, TLR7, for which it has already been proven that a small-molecule ligand has a two-fold benefical effect on certain skin cancers. Local activation by imiquimod is efficient in defense against genital warts caused by papilloma virus. At the same time basal cell carcinoma can also be treated with imiquimod, implying both an anti-viral and anti-tumor effect. 64 It can be concluded that recognition of microbial RNA and DNA could indeed have a dual function in tumor defense. First, a variety of microbial pathogens associated with tumor transformation might be repelled by TLR-mediated innate immunity. For example, Epstein-Barr virus, hepatitis B or C, or Helicobacter pylori all express a variety of TLR ligands, including RNA and CpG DNA, which should allow activation of TLRs.
In fact, understanding the quality of modifications of RNA or DNA is becoming an increasingly important field to further our understanding of nucleic acids as danger signals. In this context it needs to be analyzed how RNA or DNA from dying or apoptotic tumor cells, and virus-infected cells, are modified to be recognized by the immune system. It is an equally important topic to identify mechanisms by which genomic DNA or RNA from normal cells is tolerated.
It seems that the primary effect of TLR9 ligands in cancer therapy is to act as adjuvants through upregulation of costimulatory molecules, thereby breaking self-tolerance against tumor antigens. It was first demonstrated that nonmethylated CpG motifs of DNA are the physiological ligand. Recently the structural specificity was analyzed in more detail in order to understand if non-CpG DNA, in the form of genomic DNA, could be a proper TLR9 ligand. Because this question is not definitively answered yet, both a role for lymphocyte activation in SLE and in natural immunity against tumors needs further experimental verification. While a role in tumor surveillance is still the subject of controversial discussion, the therapeutic application of activating TLR9 ligands in tumor therapy is progressing in clinical trials.
Conclusions
Existing knowledge of TLRs, both in general and in nucleic acid-driven immune responses of the innate immune system, puts us in a very promising position. We can use structural data, information about mouse TLR biology and what we know about human TLRs to build a strong framework for the development of RNA-and DNA-based rational therapies for autoimmunity and cancer.
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